The aim was to study the effect of radiofrequency electromagnetic radiation (EMR) on stress indices, health complaints and fatigue of operators working fast-rotating extended shifts. Working conditions, job content, job control, social support, health complaints and fatigue were followed in 220 operators, 110 exposed to EMR and 110 control operators, matched by age and sex. The EMR was measured and time-weighted average (TWA) was calculated. The excretion rates of stress hormones cortisol, adrenaline and noradrenaline were followed during the extended shifts in 36 operators, working at different levels of exposure and 24-hour exposure was calculated.The exposed group pointed more problems with the working conditions, including EMR, noise, currents and risk of accidents, more health complaints and higher level of fatigue. The most common health complaints were mental and physical exhaustion after work, pains in the chest, musculoskeletal complaints, headache, and apathy. High level EMR exposure (TWA mean = 3.10 μW/cm 2 , TWA max = 137.00 μW/cm 2 ) signifi cantly increased the 24-hour excretion of cortisol and noradrenaline, whereas the increase of adrenaline excretion did not reach signifi cance, as well as hormone excretion rates under low level exposure (TWA mean = 1.89 μW/cm 2 , TWA max = 5.24 μW/cm 2 ). In conclusion, higher number of health complaints, higher stress hormone excretion rates and fatigue were found in operators under EMR.
The health risks of radiofrequency EMR exposures have been studied, and besides still controversies exist, variety of health conditions have been described [6, 15, 16] . Our earlier data showed higher rates of cardiovascular risk factors and exposure-relationship with the stress hormones under radiofrequency EMR [8, 19, 20] . In some studies no effect on stress hormones of radiofrequency EMR was found [2, 7] .
Non-specifi c health symptoms are described under different radiofrequency exposures [6, 12, 14] , the main are headaches, fatigue, sensations of warmth, etc., but clear evidence of a causal relationship between radiofrequency EMR and such symptoms, however, is lacking. In occupational settings, the combination of variety risk factors can exaggerate to higher effect and more health symptoms.
The aim was to study the effect of radiofrequency electromagnetic radiation (EMR) on stress indices, health complaints and fatigue of operators working fast-rotating extended shifts.
MATERIAL AND METHODS
The study covers 220 operators, 110 exposed radiofrequency EMR and 110 control operators, matched by age and sex. The group of exposed operators consists of two groups exposed to different levels of radiofrequency EMR: I group -49 persons (35 males and 14 females) from a BC station (6 -25 MHz) of age 47.9 ± 6.7 years and length of service 25.7 ± 5.5 years; IІ group -61 persons (53 males and 8 females) from four TV stations (66 MHz -900 MHz) of age 47.9 ± 7.0 years and length of service 25.9 ± 7.5 years. All subjects have signed informed consent.
The EMR exposure was assessed by measuring the intensities and fl ux densities of the electromagnetic fi eld at the typical work places of the staff according to the duty records for the near zone with NFM-1 (Germany) and for the far zone with RAHAM (USA), as earlier described [20] . The intensities and the fl ux densities of the EMF were within ICNIRP limits [9] , except for the antenna fi eld of the BC station, where the eventual stay of the operators was very limited. In order to be able to compare the electromagnetic exposure in the studied stations the intensities in the short wave range were transformed into fl ux densities for fl at electromagnetic fi eld. The TWA was calculated. The calculations included the mean and maximum TWA. The TWAmean for BC station operators showed exposure in the range 3. [20] . EMR at both typical constant and temporary work places of the radio-relay station operators (control group) were not detectable. The noise and microclimate were followed and were within hygienic norms with no differences between the groups.
Psychosocial factors were assessed using the My Job questionnaire [11] containing fi ve subscales. The working conditions scale contains items on working pose, lightening, noise, vibrations, temperature, humidity, fl ow, dust, odours, etc. The job content scale sums 18 items (monotony, tasks, requiring intense concentration, time pressure, work organization, etc.). The job control scale (10 items) includes questions on novelties at work, ability to infl uence pace, methods of work, professional realization, etc.). The work-related social support sums 10 items: 5 concerning support from co-workers and 5 from supervisors. The health complaints scale is the sum of 10 items.
The chronic fatigue was followed using the Checklist of Individual Strength [3] . The questionnaire consists of 20 statements, testing different aspects of fatigue: subjective feeling of fatigue, reduced motivation, reduced activation, and reduced concentration. The answers of the four scales are summed to estimate chronic fatigue.
The excretion rates of stress hormones cortisol, adrenaline and noradrenaline were followed during 24-hour period, including one extended shift, in 36 operators, working at different levels of exposure. The operators were asked to void at 09:00 and urine samples were collected at 4-hour interval and stored at -20 o C. Before refrigeration the subsamples for catecholamines were acidifi ed to pH 3 with HCl. Urine free cortisol was assessed with an RIA kit (Orion Diagnostica, Espoo, Finland, the interassay CV was 5.2, 5.2, 6.1 for low, medium and high value urine samples. Adrenaline and noradrenaline were measured with spectrofl uorimetry [18] and 24-hour excretion was calculated.
The data were analysed with one-way ANOVA, correlation and stepwise multiple regression analysis using SPSS software.
RESULTS
Our data show that working conditions were described as nearly good ( Figure  1) , except for the negative ratings for EMR, noise, currents and risk of accidents, contributing to signifi cantly higher number of negative ratings with the EMR-exposed group (Table 1) . During the study the operators were not aware of the EMR. Work tasks were considered as monotonous and required concentration in both groups. The job control and social support were good with all studied. Most of the inquired felt insecure for their work places; they felt a treat of reorganizations and being fi red. Fear of job loss can be viewed as general stressor for both EMR-exposed and control group. The exposed group showed higher rates of health complaints. The main health complaints were physical exhaustion after work, pains in the chest, pain in the muscles, bones and back, fatigue, apathy, sleep problems, more often in EMFexposed group.
Concerning fatigue only the scale of subjective fatigue reached signifi cance with more pronounced feeling of fatigue of EMR-exposed group, and the total sum was within a trend. The correlations between different scales of the questionnaire "My job" and chronic fatigue are common for both groups, but with higher significance in the control group (Table 3) . High level EMR exposure (TWA mean = 3.10 μW/cm2,TWA max = 137.00 μW/cm 2 ) signifi cantly increased the 24-hour excretion of cortisol and noradrenaline (Table 4) , where as the increase of adrenaline excretion did not reach signifi cance, as well as hormone excretion rates under low level exposure (TWA mean = 1.89 μW/cm 2 , TWA max = 5.24 μW/cm 2 ). The 24-hour excretion signifi cantly correlated with the TWA mean (r = 0.343, p = 0.047 and r = 0.386, p = 0.024 for cortisol and noradrenaline) and TWA max (r = 0.339, p=0.05 and r = 0.356, p = 0.038 for cortisol and noradrenaline). 
DISCUSSION
The EMR-exposed group pointed more problems with working conditions, including EMR, noise, currents and risk of accidents, but as a whole the working conditions were described as good by both groups. More health complaints and higher level of fatigue was also rated by the EMR-exposed group. The most common health complaints were mental and physical exhaustion after work, pains in the chest, musculoskeletal complaints, headache, apathy and sleep disorders. Some of the health complaints are comparable with other studied groups [17] . Our data showed weaker correlations between the psychosocial factors and fatigue in EMR-exposed operators in comparison to the control group. Any interpretation would be speculative, but the shift work schedules and rest periods arrangements during work showed no considerable differences between the two groups.
Our data show higher 24-hour cortisol, adrenaline and noradrenaline excretion with higher EMR exposure operators, with a signifi cantly higher cortisol and noradrenaline 24-hour excretion in high-level exposure operators in comparison to control group. These data confi rm our previous data [20] , but further research is needed with better control of confounding factors. As stress hormones were studied only in small groups, our data do not allow us to search relations with fatigue and health complaints, but higher stress levels are known to contribute both to ill health and fatigue [4, 13] .
In conclusion, higher number of health complaints, higher stress hormone excretion rates and fatigue were found in operators under EMR. The combination of exposure to radiofrequency EMR, shiftwork and monotony raises concerns for health and safety of the employees, preventive actions should be undertaken as reduction of radiofrequency EMR exposure to as low as possible, implementation of ergonomic shiftwork schedules and adequate rest periods arrangements during work.
